Endophytes MQ23 and MQ23R isolated from Sophora alopecuroides root nodules were characterized by observing their ability to promote plant growth and employing molecular analysis techniques. Results showed that MQ23 and MQ23R are potential N 2 -fixing endophytes and belong to the same species as Bacillus cereus.
INTRODUCTION
In the last few decades, endophytic bacteria have attracted more and more attention as novel resources as a method of biocontrol for plant diseases and promoters of plant growth (18, 22) . Generally, the endophytic bacteria live inside the plant tissues and do not cause visible damage or morphological change on their hosts. They can benefit the host plants by the production of IAA (indoleacetic acid, phytohormones), siderophores, and antibiotic compounds, through nitrogen fixation, by phosphate solubilization, and with the suppression of phytopathogens through competition (16, 27) . Additionally, they may help the symbiotic rhizobia form nodules with non-specific hosts, further aiding plant growth (20) . The occurrence of Bacillus species as endophytes has been reported from different plants such as pigeon pea (8) , wheat, kudzu (31) , and soybean nodules (26) . They have been shown to benefit to their hosts by promoting nodulation and In a recent study, we collected and characterized nodule endophytic bacteria from the legume S. alopecuroides (41) .
The aims of this experiment were (i) to identify the phylogenetic position of Bacillus cereus MQ23 and MQ23R, and (ii) to determine their promoting plant growth characterization via plant inoculation tests.
MATERIALS AND METHODS

Isolation of nodule endophytes
Healthy S. alopecuroides plants were collected from Northwestern China. Three nodules were randomly selected from each plant, washed with sterile distilled water to remove soil particles, and surface sterilized with 95% alcohol for 30s and with 0.1% (w/v) HgCl 2 for 2 min, rinsed 6-8 times to eliminate thoroughly HgCl 2 with sterile distilled water. The surface sterilized nodules were crushed and streaked on yeastextract-mannitol agar (YMA) plates for the isolation of endophytic bacteria with the standard methods described previously (36) . The plates were incubated at 28°C for 5 days and single colonies were further purified by repeatedly streaking on the same medium. In order to verify surface sterilization, aliquots of water from final rinse were spread onto the Nutrient Agar (NA) medium and incubated. Plates without any contaminants were considered effectively surface sterilized and their corresponding YMA plates were used for the isolation of endophytes. Nodulation capability was verified for nodule isolates by inoculating on surface sterilized and pregerminated seeds. The inoculated S. alopecuroides seedlings were grown for six weeks under greenhouse conditions and nodules were checked and isolated its endophtes.
The nifH gene amplification
The nifH gene encoding the Fe protein subunit of nitrogenase was used a molecular markers to estimate the symbiotic gene diversity and phylogeny (7) . The forward primer nifH40F (5'-GGNATCGGCAAGTCSACSAC-3'), reverse primer nifH817R (5'-TCRAMCAGCATGTCCTCSA GCTC-3') and procedure described by Vinuesa et al. (37) were used for the nifH gene specific PCR assay. The PCR products were separated by horizontal electrophoresis in 1% (w/v) agarose gels and the patterns were visualized as described (38) .
SDS-PAGE of whole cell protein
Solubilized proteins were subjected to SDS-PAGE in gel slabs of 1 mm thickness (4% acrylamide stacking and 12.5%
acrylamide resolving gels) as described by Laemmli (17) .
Electrophoresis was performed in a Mini Protean II apparatus 
PCR-RFLP based on 16S rRNA gene
The total genomic DNA was extracted from each of the nodule isolates outlined previously (24) . In the present study, the 16S rRNA gene was selectively amplified from the genomic DNA with the universal forward primer P1 (5'-CGGGATCCAGAGTTTGATCCTGGCTCAGAACGAACGC T-3') and reverse primer P6 (5'-CgggATCCTACggCTACCTT Endophytic plant growth prompter Bacillus gTTACgACTTCACCCC-3') (34) as described (33) . An aliquot of PCR product was digested separately with restriction endonucleases HhaI, HaeIII, MspI, HinfI according to the producer's guide. The restricted bands were separated by horizontal electrophoresis in 2% (w/v) agarose gels and the patterns were visualized as described previously (38) .
Sequencing and phylogenetic analysis
Aliquots of PCR products of isolate MQ23 and MQ23R
were directly sequenced using the same primers for PCR-RFLP 
Plant growth promoting characteristics of isolates
Siderophore examination
Bacterial cultures were multiplied in Lysogeny broth (LB, 10 g NaCl/L) for 48 h and aliquots of pure bacterial culture were inoculated in plates containing agar Chrome Azurol S (CAS) and incubated at 30 °C. Each plate was observed daily for 7 days to detect the appearance of orange color around the colony (30) . Experiments were performed in triplicate.
Phosphate solubilization
Log phase LB pure bacterial cultures were spot inoculated on Pikovasky's inorganic and Mongina organic culture plates, incubated at 30 °C, and observed daily for 7 days for appearance of transparent halos (14) . Experiments were performed in triplicate. 
Antifungal activity
Spores of fungal cultures (Fusarium
Organic acid production
Bacterial cultures were spot inoculated in MM9 (29) agar medium and observed for a drop in pH using methyl red as an indicator dye, which changes from yellow to pink below pH 5.0. Isolates having the ability to produce organic acid displayed a pink zone around the colony.
IAA production
Indole acetic acid (IAA) production was estimated by inoculating a bacterial suspension (3×10 7 cfu ml -1 ) in 10 ml (LB) broth containing L-tryptophan (100 µg ml -1 ), and shaken in an incubator for 72 h. IAA concentration in the culture supernatant was estimated using Sackowski´s reagent (9) . 
Plant inoculation experiment under greenhouse conditions
RESULTS
Isolation and determination of endophytes
Twenty-eight endophytes were isolated from S.
alopecuroides root nodules. Physiological and biochemical tests were conducted (data not shown), including temperature, pH values and salt tolerance, antibiotic sensitivity, metal susceptibility, and dye resistance. On the basis of these characteristics, a selected strain was termed MQ23, and strain reisolated from S. alopecuroides nodule in plant inoculation test was termed MQ23R.
The nifH gene amplification
The results of nifH gene PCR amplification showed that isolates MQ23 and MQ23R both could produce single product treatments showed certain antifungal activity to plant pathogenic fungi, and inhibition ratios was given in Table 1 
Plant inoculation assay
To further confirm plant growth promoting characteristics, we performed plant inoculation assay. Results in Table 2 showed that each growth indexes of inoculated MQ23 except root fresh weight, slightly higher than those of negative control 
Identification of endophytes MQ23 and MQ23R
Based on whole-cell protein profiles ( Previous reports also showed protein profiles of SDS-PAGE as having a high degree of correlation with DNA PCR-RFLP analysis, rRNA sequence analysis, and DNA-DNA hybridization for several bacterial species (3, 11, 25, 35) .
In this work, analysis of 16S rRNA gene PCR-RFLP, gene sequencing and phylogeny further confirmed that defining a bacterial species based upon the consensus of combined results of several analyses can overcome the potential prejudicial grouping by each of the single analysis, supported previous studies (19) .
Co-inoculation enhanced plant growth
Previous To the best of our knowledge, this is the first report about the presence of putative non-rhizobial endophytes having growth-promotion attributes in S. alopecuroides root nodules.
Further studies are required to prove the endophytic nature of
Bacillus cereus MQ23 and to harness their potential as bioinoculants and biocontrol agents in agriculture.
